Introduction
FK506 binding proteins (FKBPs) in cells are known as immunophilins and highly conserved proteins widely distributed from Escherichia coli to mammals. They are able to catalyze the cistrans isomerization of Xaa-Pro bonds in oligopeptides and proteins (Schreiber, 1992; Fischer, 1994) . Up to now more than ten kinds of FKBPs of this protein family were found. All FKBPs possess a functional region with PPIase (peptidylprolyl cistrans isomerase) activity (Barth et al., 2007; Lima et al., 2006; Solscheid and Tropschug, 2000; Suzuki et al., 2004) . FKBP23 was fi rst found in mouse heart endoplasmic reticulum (ER) (Nakamura et al., 1998) . It consists of an N-terminal PPIase domain and a C-terminal domain with Ca 2+ binding sites.
FKBP23 is a glycoprotein retained in the ER. The ER is a compartment specialized for the maturation of proteins, which are destined for secretion, membranes, and endocytotic or exocytotic organelles. It provides unique conditions for processing and folding of these proteins such as cleavage of the signal sequence, disulfi de bond formation and protein glycosylation (Ellgaard and Helenius, 2003; Trombetta and Parodi, 2003; Kleizen and Braakman, 2004; Helenius and Aebi, 2004; Bukau et al., 2006) . We are interested in purifying natural FKBP23 and researching the function of glycosyl in FKBP23. A new method of preparing a protein-imprinted polymer (PIP) with a cloned bacterial protein template is reported, which recognizes/adsorbs authentic target protein present at a relatively low level in a cell extract (Zhao et al., 2006) . Pig liver is a handy and abundant source to acquire the ER. If cloned pig FKBP23 as template protein can be prepared, natural pig FKBP23 in the ER can be acquired by the same above-mentioned method.
The nucleotide sequences of FKBP23 from humans (Patterson et al., 2002) , mice (Nakamura et al., 1998) , lizards (Klein et al., 2002) , fi shs (Lo et al., 2003) , etc. have been detected. According to two highly conservative regions of nucleotide sequences of these species, we designed primers and used the polymerase chain reaction (PCR) to amplify the middle segment of the pFKBP23 gene. From this sequence we used the nested PCR (Frohman, 1993; Bertling et al., 1993; Martin et al., 2005) to extend the nucleotide sequence towards the 5′ and 3′ ends for detecting the full length cDNA encoding pig FKBP23. Our result is available from GenBank with accession No. EU545235 and is contributed for elucidating the mRNA library of pig.
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Material and Methods
Materials
Glutathione-Sepharose 4B, factor Xa and Hybond-C nitrocellulose membranes were from Amersham Biosciences UK Limited (Little Chalfont, UK). Restriction endonuclease, T4 DNA ligase, DNA polymerase I and ribonuclease H were purchased from TaKaRa (Dalian, China). Alkaline phosphatase-labeled goat anti-rabbit immunoglobulin (IgG) was from Sigma-Aldrich (USA), and Trizol reagent from BBI (Markham, Canada), Revertaid TM fi rst strand cDNA synthesis kit from Fermentas (Hanover, USA). All PCR primers were synthesized by Sangon (Shanghai, China). All other chemical reagents were of analytical grade.
cDNA synthesis
Total RNA was prepared using the Trizol reagent. The fi rst strand cDNA was prepared using the Revertaid TM fi rst strand cDNA synthesis kit according to the manufacturer's instructions. The second strand cDNA was synthesized, which was performed with the hybrid of the fi rst strand cDNA and mRNA, DNA polymerase I, T4 DNA ligase and ribonuclease H. The ends of double strands cDNA were fi lled and ligated with adaptor 1 (5′-ccatcctaatacgactcactatagggctcgagcggc-3′) or adaptor 2 (5′-gccgctcgagccctata-3′).
Purifi cation of GST fusion protein and pure protein
The amplifi ed bacteria containing the recombinant plasmid with the target protein were induced with 0.1 mM isopropyl-β-D-thiogalactose. The target proteins were expressed as glutathione S-transferase (GST) fusion proteins and purifi ed using glutathione-Sepharose 4B as described by Heitman et al. (1991) . The purifi ed fusion proteins were restriction-digested on the beads with factor Xa in a digestion buffer [50 mM tris(hydroxymethyl)aminomethane-HCl, pH 8.0, 1 mM CaCl 2 and 100 mM NaCl] overnight at 4 ºC.
Preparation of ER extract from pig liver
This preparations was carried out as described by Borgeson and Bowman (cited in Miller and Moon, 1997) . All steps of this procedure were performed at 4 ºC, and all buffers and the equipment were precooled at 4 ºC . About 200 g pig liver were suspended in 200 mL 2×buffer E (2 M sorbitol, 10 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid, pH 7.4, and 2 mM EDTA) and applied to the homogenate. Then 1/10 volume of NP-40 (3% solution) was added and shaken on ice for 5 min to break the cells. The suspension was centrifuged for 20 min at 1000 × g and the supernatant was collected. The pellet was suspended in 200 mL 2×buffer E and centrifuged for 20 min at 1000 × g. The two supernatants were collected and centrifuged sequentially at 12,000 × g and 40,000 × g for 1 h, respectively, to get the fractions 12P (pellet after centrifugation at 12,000 × g, nuclear and mitochondrial), 40P (pellet after centrifugation at 40,000 × g, microsome/endoplasmic reticulum) and 40S (supernatant after centrifugation at 40,000 × g, cytoplasm). Fraction 40P was washed cautiously with 5 mL buffer E and centrifuged for 30 min at 40,000 × g. The pellet 40P was suspended in 2 mL buffer E, sheared using a syringe, and centrifuged for 2 h at 100,000 × g. The supernatant was ER lumen extract which was tested by Western blot to ensure that there was no contamination with cytosol.
Western blot analysis
The samples were analyzed by SDS-polyacrylamide gel electrophoresis and transferred onto a Hybond-C nitrocellulose membrane at 0.8 mA/cm 2 for 2 h. The membrane was blocked with 5% non-fat milk powder in TBS [50 mM tris(hydroxymethyl)aminomethane-HCl, pH 7.5, and 150 mM NaCl] for 1 h and incubated with rabbit anti-BiP antiserum (1:500 diluted in TBS) for 1 h. The blots were washed with TBS/ Tween (0.1%) and then developed with alkaline phosphatase-labeled goat anti-rabbit IgG (1:2000 diluted in TBS). After washing with TBS/Tween the blots were developed by the nitroblue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate system in alkaline phosphatase buffer [100 mM tris(hydroxymethyl)aminomethane-HCl, pH 9.5, 100 mM NaCl, 5 mM MgCl 2 ].
Results and Discussion
Amplifi cation of the middle segment of pFKBP23 gene
To detect the middle segment of the pig FKBP23 gene, the fi rst strand pig cDNA was amplifi ed by PCR using a upstream primer (pFKBP23mf) including an EcoRI site (5′-ccggccgaattcccccaaatggtttgttcttgg-3′) and a downstream primer (pFKBP23mr) including a XhoI site (5′-ggccggctcgagacattgtattcctt-3′) according to the conservation of homologous sequences of human FKBP23, mouse FKBP23, lizard FKBP23, fi sh FKBP23 in these two regions (Fig. 1A) . The PCR product of the middle segment gene of pFKBP23 was identifi ed as shown in Fig. 1B .
Detection of the pFKBP23 cDNA sequence by nested PCR
The pFKBP23 cDNA encoding the 3′ partial sequence and 5′ partial sequence, respectively, were detected by nested PCR. According to the middle segment gene of pFKBP23, we designed the 3′ partial outer primer (P1, 5′-ccccaaatggtttgttcttg-3′) and the inner primer (P2, 5′-ggccgcggccgcgacattgccatgatggatat-3′) including a NotI site, and the 5′ partial outer primer (P4, 5′-ttaggtggaatcttgctt-3′) and the inner primer (P3, 5′-ggccgcggccgctttccatatgcaaaggaagg-3′) including a NotI site. Adaptor primer 1 (AP1, 5′-ccatcctaatacgactcac-3′) and adaptor primer 2 (AP2) including an EcoRI site (5′-ggccgaattctatagggctcgagcggc-3′) were also designed according to the adaptors ligating with two strands cDNA. The fi rst PCR was performed using AP1/P1 as the primer pair for 3′ partial sequence, AP1/P4 as the primer pair for 5′ partial sequence and the double strands cDNA as template. The second PCR was performed using AP2/ P2 as the primer pair for 3′ partial sequence, AP2/ P3 as the primer pair for 5′ partial sequence and the diluted fi rst PCR product as template (Fig. 2) . The positive clones were identifi ed by sequencing. The 5′ and 3′ partial sequences were ligated by Lasergene 7.0 software and the 632 bp cDNA sequence was acquired with the GenBank accession No. EU545235 (Fig. 3A) .
Analysis of nucleotide and predicted amino acid sequences of pFKBP23
Comparing the nucleotide sequence of pFKBP23 with those of human and mouse FKBP23, we found that the sequence of pFKBP23 lost 25 bp nucleotide in the 5′ partial sequence. So the cDNA sequence was not full. The homologous analysis of amino acid sequences of human FKBP23 and mouse FKBP23 together with pig FKBP23 showed 91.4% and 87.6% identity, respectively. The fi rst 19 amino acids of human and mouse FKBP23 in the N-terminal domain were signal sequence analyzed with signal P3.0; so we could construct plasmid to express pFKBP23 in Escherichia coli with the acquired sequence. The predicted amino acid sequence was analyzed with the conserved domain architecture retrieval tool in NCBI, and we found the conserved FKBP-type peptidylprolyl cis-trans isomerase domain and EF-hand domain (Fig. 3) . 
Construction of plasmid expressing pFKBP23
For cloning of the pFKBP23 protein, the fi rst strand pig cDNA was amplifi ed by PCR using a upstream primer (pFKBP23f) including a BamI site (5′-ccggccggatccaaaagacagaggagagca-3′) and a downstream primer (pFKBP23r) including a XhoI site (5′-ccggcctcgagctatagttcatcatgttgatat-3′). The amplifi ed PCR product was digested with BamI and XhoI restriction enzymes and ligated into the bacterial expression vector pGEX5X2. The recombinant plasmid DNAs were transformed into competent cells of Escherichia coli strain DH5α and the positive clones were amplifi ed. The purifi ed recombinant plasmid DNAs were identifi ed by sequencing.
Recombinant pFKBP23 can bind to pBiP from the ER extract and the binding is interrelated with the Ca 2+ concentration
Previously, we reported that FKBP23 binds to BiP specifi cally in the ER and this bond is interrelated with the Ca 2+ concentration (Zhang et al., 2004a, b; Wang et al., 2007) . BiP is a member of the Hsp70 multigene family and one of the best-studied folding helpers in the ER. It binds to stretches of hydrophobic residues exposed by incompletely folded proteins and prevents their aggregation (Kleizen and Braakman, 2004; Bukau et al., 2006; Flynn et al., 1991; Blond-Elguindi et al., 1993) . To investigate the binding of recombinant pFKBP23 to natural pBiP in the ER, GSTpFKBP23 attached to glutathione-Sepharose 4B beads was used for the adsorption of pBiP from the ER extract. GST alone attached to glutathione-Sepharose 4B beads was used as control. As shown in Fig. 4A , pBiP in the ER binds to GSTpFKBP23, but does not bind to GST alone. We also investigated the binding capacity of pFKBP23 to pBiP in the binding buffer with different Ca 2+ concentration. As shown in Fig. 4B , the binding of pFKBP23 and pBiP could be hardly detected when the Ca 2+ concentration increased to 3 mM, whereas it can be observed when the Ca 2+ concentration was below 2 mM, suggesting that this binding is regulated by the Ca 2+ concentration.
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